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AND A MAXTMUM-STRENGTH FORMULA FOR MAGNESIUM-ATIOY
AND ATUMINUM-ALIOY FORMED SECTILIONS

By George L. Gallaher
SUMMARY

The plate compressive strength of FS-lh magnesium-alloy sheet was
determined from local-instabillity tests of formed Z-section columms.
The critical compressive stress was found to correlate well with the.
compressive stress-strailn curve for the material. The curves of average
stress at maximum load plotted against calculated elastic critical strain
resulted in a famlly of curves similar to previous resulits for aluminum-
alloy sheet.

An empirical formmla was developed for caleulating ‘the a;veragb gtress
at maximum load for formed Z-sections and chemnel sections of FS-lh
magnesium-alloy sheet and 24S-T and 17S-T aluminum-alloy sheet.

INTRODUCTION

Recent investigations by the Natlional Advisory Commlttee for
Aeroneutics have provided-information on the plate compressive strength of
various aluminum and magnesium alloys. From these investigations, the
buckling stress and average stress at maximm load have been auite well-
established for extruded aluminum and megnesium alloys. (See reference 1.)
For sheet materlals, however, the plate compressive strength has not been
so generally established. The only information avallable was obtained frmm
tests of formed Z-sections and channel sections of 17S-T and 24S-T
aluminum-alloy sheet (references 2 and 3, respectively) and no data are
avelleble for magpnesium-alloy sheet. Inasmich as the test results for
the aluminum-alloy sheet materials were essentially different from those
obtained for the extruded materials, particularly with regard to the
average stress at maximum load, additional information on the pla.te
compressive strength of sheet materia.ls is’required.

Because data on ma.gnssium sheet were not available, experimental data
were obtalned on the plate compressive strength of FS-1lh magnesium-alloy
sheet. Results are presented for the buckling stress and the average




2 NACA TN No. 171k

stress at maximm load for FS-1lh magnesium-alloy formed Z-sectlions. The
resulits for the average stress at maximmm load are also analyzed and
compered with those obtained for aluminum-slloy sheet (references 2 and 3).

SYMBOLS

‘cross-sectioma_l area of specimen
developed width of plate (A/%)
width of flenge of Z-sectlion

wldth of web of Z-section

Young's modulus of elasticity in compression, taken as 6500 ksi
for FS-1h megnesium alloy '

A
®p
by
by
c empirical constent used in meximm-load formula
B
I nondimensional coefficient used in plate-buckling formula

L length of column

Prex maximm load

t thickness of plate a
celculated elastic critical compressive straln

i Poisson's ratio, taken as 0.3 for FS-1h magnesium alloy

critical compressive stress

Cey compressive yileld stress

average compressive stress at maximum load
METHODS OF TESTING AND ANATLYSIS

All tests were made In hydrauwlic testing machines accurate to within
three-fourths of 1 percent. The ends of the stress-strain specimens and
the formed Z-sections were ground flat and square. The Z-section speci-
mons were &8ll cut fram two U- by 12-foot sheets of 0.102-gage FS-1h magne-
sium alloy and were hot formed. The specimens were fabricated by the
manufacturer, and the forming operations were reported to be that the
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forming wes done at temperatures under 320° F and the time at maximum
temperature prior to meking each bend was limited to 10 minutes. Dies were
heated by hend torch and were probably in the renge of 200° to 280° F.

Hot forming is generally required for bending megnesium sheet because 1t
has hexagonal crystals with only one slip plane. In the forming process,
the material was bent across the grain; thus, the graln direction of the
material was parallsl to the longitudinal axis of the Z-section test
speclmens.

Stress-strain curves.- The compressive stress-strain curves for the
flat sheet (obtained only for the with-grain direction) were made auto-
graphicelly by tests of single-thickness specimens in a modified
Montgomery-Templin type of compression fixture. The correct support for
the flat magneslium compression specimens was difficult to obtailn.

Lueder's lines developed and the magnesium tended to slip and wedge between
the supports. Similar difficulties were encountered in the investigation
reported in reference k4.

For the formed material in the cormers, compression specimens were
cut from the corner portion and tested in a special compression fixturs.
This fixture provided continuous support along the length of the specimen
of the type illustrated in figure 1. A wire straln gage was placed on the
inside of the cormer and the load-strain curve was recorded autographically.

Plate compressive strength.- The plate compressive strength of the
material wes obtained from compression tests of formed Z-section columms
so proportioned as to develop local instability; that is, instability of
the plate elements of which the columms are comprised. The lengths of the
columms were chosen so that three half-waves would be obtained when
buckling occurred. (See reference 5.) The columns were tested with the
flat ends bearing directly against the testing-mechine heads. TIn these
local-instability tests, measurements were tekem of the cross-sectional
distortion, and the critical stress was teken as the stress corresponding
to the critical load at the top of the knee of the load-distortion curve,
as 1llustrated In figure 2. The method of measuring the cross-sectional
distortion by use of a variable-differential-transformer-type gage is
shown in figure 3. (A variable-differential-transformer-type gage consists
of a coll with three windings and an iron core. The coil windings are
such that the induced voltage is a sensitive measure of the core position.)
The measuring apparatus is essentially a parallel-rule linkwork mechanism
with the upper rule held stationary on a conventional dial-gage stand.

The gage coll 1s attached to this statlonary upper rule. The lower rule

is free to swing laterally and holds the core of the gege and a straightedge.
The stralghtedge rests against a flange of the specimen and picks up the
buckles wherever they develop. Thls method proved quite successful and
permitted a mimute force from the buckles to register distortion on the
msasuring epparatus.
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RESULTS AND DISCUSSION -

Compressive Properties

. The compressive properties of the two original flat 4- by 12-foot
FS-1h magnesium-alloy sheets used for making the test specimens were
essentially the seme. In fact, the compressive yield stresses had a
range of less then 1 ksi for all the flat specimens and less then 2 ksi
for the curved specimens. The modulus of elasticlty In compression was
taken as 6500 ksi for magnesium alloy.

The average campressive stress-strain curves for specimens cut
from the originsl material before forming, from the flat portlons of the
flanges and webs after forming, end from the formed material in the
corners are shown in figure 4. Inspection of these curves reveals that
hot forming of the Z-sectlon test specimens did not appreciably change
the compressive stress-strain curve of the flat portions of the flanges
and webs, whereas in the formed corners the compressive yield stress was
raised about 13 percent.

Plate Compressive Strength

The results of the local-instability tests of the formed Z-section
colums, used to determine the plate campressive strength, are given
in table 1. o

For purposes of comparison with & compressive stress-straln curve,
the test data are plotted against the calculated elastic critlcal compres-
give strain e€.,. The formla for €. is the plate buckling formmla

for the elastlc critical co&upressive stress divided by BE:

€er = ﬁﬁ%)a (1)

The method of dimensioning and the value of kw may be obtained from
figure 5; the data for Xk, were obtained from reference 6. Figure 6
shows the critical stress Our and the average stress at maximum

load op,y DPlotted against €.y. The two stress-straln curves shown

represent the upper- and the lower-limit curves found for the FS-lh shest
material in the flanges and webs of the formed Z-sections.

The buckling data appear to follow the lower-limit stress-strain
curve gquite well. Because of this agreement, the reduced modulus of
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elastliclty for plate buckling may be approximated by the secant modulus.
(The use of the secant modulus has previously been suggested in references 1
and 7.) The critical compressive stress may therefore be evaluated for
Practical purposes as the product of €5y, and the secant modulus or
directly from the compressive stress-strain curve for the material, glven
the calculated value of ¢,... The results obtained by the foregoing

mothod tend to be somewhat unconservative in most cases unless a lower-
1imit compressive stress-strain curve is used. This result agrees with

the theory in reference 8 for plastic buckling of plates.

The test data in figure 6 show that the secent modulus may also be
used to predict the maximm strength in some instances because Oy

and Gp,, occur quite close together at high stresses. When Opax OCOUrs
at lower stresses, figure T may be more useful in estimating Cpaye In
figure T the data are ldentified according to 'bw/t ratios. Such & plot
of Em egeinst €op results in a famlly of curves dependent upon the
ratio bw/t Similar results have been found for 17S-T and 24S-T eluminum-

alloy sheet (references 2 and 3). In order to illustrate the difference
between Opsy and Opy the variation of o, With Ogp/Ty,y 1s shown

in figure 8.
Empirical Meximm-Strength Formmla

A study of local-instability test data for extruded aluminum and

magnesium Z-sections (reference 1) shows that the o data apparently
) max

plot against €.r 88 2 single curve. References 2 and 3, however, as

well as the present paper, show that formed Z-sections develop a family
of Opgy ourves for different by/t ratios. The separate Em curves

were believed to occur because the corners of sections formed from sheet
material have higher compressive properties than the rest of the section.
Since a Z-sectlion (or a channel section) with a large value of bw/t has

a smaller percentage of this high-strength corner area than one with a
small value of ‘bw/'b, the family of curves appeared to be a reascnsble

result. Investigation of the FS-1lh data, however, showed that the percent-
age of high-strength cormer area accounted for only part of the spread
in ©o,..+ The investigation did reveal, however, that a reasonably

stralght-line relationship existed between Emax and the percentage of

corner area. Because the high-strength corner area was considered a
constant for these data, this relationship haes been plotted in figure 9
as amax against the reciprocal of the total area.

A study of the other avaeilable data (17S-T and 24S-T aluminum-alloy
sheet in references 2 and 3, respectively) also showed a similar rela-
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tionshlip between '&m and total area. Fligure 10 has been prepared to

present en interesting feature found for the formed Z-sections of all

three materials. Tigure 10 is glven for 2US-T eluminum-alloy formed 5
Z-gectlons because the most complete and extensive data are avallable for

them (reference 3). These Z-sections have approximately the same total

area and the same value of Ema.x but verying values of o.,. This result

seems to indicate that, for formed Z-sectlons with ildentical corners, L

depends upon the way in which the material is dlstributed between the web

and flenge while T .. does not. ) :
An attempt was made to correlate the test data for 24S-T

and 17S-T aluminum alloy with the FS-1h magnesium-alloy test data as

plotted in figure 9. The shape of the curved corners was slightly

different (fig. 11) but the sections were considered to be near enough

alike that this dlfference might be neglected. The different moduli, yleld

stresses, and thicknesses encountered made selection of parameters difficult.

A formula somewhat similar to the maximum-load formmla for a rectangular

plete with simply supported edges

2
Py = Ot° \Eooy (2)

or

— t2 (3)

found in reference 9 (p. 401) gave the best method of correlating the data.
Plotting the nondimensional value of Tpgy /IVEUcy (where dey 1s for the
Plat material in the specimm;) against the nondimensional velue of t2/A
proved quite effective. Figure 12 shows all the data for the formed
Z-sections from this paper and from references 2 and 3 plotted in this
memmer. The cub-off line in figure 12 1s necessary for the magnesium-

alloy Z-sections and. represents _°:max equal to Ooye Boecause the stres.s- =

strain curve for FS-1h magnesium alloy levels off at &bout the yleld-stress
value, 0p,, camot be expected to occur at stresses greater than Ocy*

For 17S-T and 24S-T aluminum alloys, however, the stress-strain curve

continues to rise ebove the yleld stress and, for the range of data avall-

able, no cut-off line appears necessary. The equation of the line through «
the combined data is

mex_ _ 51412 4 0.01 (%)
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The chennel-section data of references 2 and 3 also fit along this lins.
The ratio t2/A in equation (4) may also be written as t/b, where by
1s the developed width equal to A/%.

It mst be remembered that this formula 1s empiricel and is derived
only from the available date on formed Z-sections. Also , the data in this
paper and references 2 and 3 are for Z-sections with bF/bw groater than

0.35 so that the flanges are primarily responsible for buckling (see fig. 5);
for b}_,./'nW less than this value, colwm failure rather than local insta-
bility is 1likely to occur for the lengths tested.

CONCIUSIONS

Curves for the plate compressive s'brengl:h_of FS-1h magnesium-alloy
sheet have been esteblished from tests on formed Z-sectlons.

An empirical formule 1s presented for the average stress at maximm
load. The formula is nondimensional in form and gives strengths that
agree closely with experimental results for FS-lh magnesium-alloy sheet, as
well as for 17S-T and 24S-T aluminum-alloy sheet. Caution should be exer-
cised in extending this formmla to other materials.

Langley Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
Iangley Field, Va., July 20, 1948 ’
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TABLE 1

DIMENSIONS AND TEST RESULTS FOR FS-1lh MAGNESIUM-ALIOY FORMED

Z-SECTION COIUMNS THAT DEVELOP IDGAL-ES‘]!AIBH.ITI

< —
t | by L A b | by W 6or | Oor |T@

Columm = | 21 (from
(in.)|(in.} (in.)] (in.) |(sq in.) w | leia. 5) () |(xs1)] (xs1)
la {0.102|3.56 | 2.82{ 21.66 | 0.884+ | 0.792|34.9| 1.38 |o0.00102{ 6.1 |13.9
1b .101]3.55 | 2.84 | 21.67 | .879 .800(35.1] 1.35 .00099{ 6.7 [13.8
1c .101{3.55 | 2.82 | 21.66 | .875 «795{35.1| 1.37 <00101! 5.4 |14.3
2a .103[3.57 | 2.51| 20.30 | .833 ~Tohki3h. 71 1.68 .00127] 8.6 {14.9
2b 102 3-56 2-51 20.30 0820 -705 3#.9 1068 \00125 7-8 lh--e
2¢ .10213.55 | 2.50 | 20.30 | .817 | ..705|34.8] 1.68 .00126| 7.8 |15.1
3a .102|3.59 | 2.02 | 18.47{ .738 +563135.2| 2.43 .00179111.9 |15.8
3b «102|3.56 | 2.02 | 18.48 | .72k .568|34.9| 2.39 00177 {11.9 [15.7
3¢ .101{3.53 | 2.02] 18.48 | .715 .572]35.0] 2.36 «0017411.5 {15.8
Le .102|3.53 | 1.70{ 17.13 | .655 A481134.6| 3.06 .00231115.3 |17.3
kb .102{3.52 | 1.70| 17.13 | .655 L8213k.5( 3.06 .00232|15.0 |17.1
he .102{3.53 | 1.70| 17.22] .650 A181|34.6] 3.06 .00231{14.8 |16.9
5a .101{2.90 | 2.28{ 17.48| .707 .786{28.7} 1.h0 .00154| 9.3 [16.5
5b «10112.94 | 2.27{ 17.47 | .T0T T73129.1 1.114 .00154| 9.9 |16.2
5¢ .100)2.91 | 2.28 | 17.48 | .707 «78k129.1| 1.h1 .00151{10.7 [16.2
6a +101|2.91| 2.00| 16.15 | .650 .687128.8| 1.75 .00191|12.9 | 17.5
6b .101(2.93 | 1.99 | 16.16 | .650 .680129.0{ 1.78 .00192(13.2 | 17.2
6c .101|2.96 | 1.99 | 16.15.| .650 .672|29.3| 1.82 | .00192[12.3 |17.1
Ta .102{2.88|1.63{ 14.93 | .58 565(28.21 2.41 .00274118.8 {19.3
T «102/2.91 | 1.61 | 14.9% | .57% .553(28.5| 2.50 +00278|17.8 |19.0
Te .101}2.91 | 1.60 | 14+.9% | .568 .550128.8| 2.52 .00273 |18.3 |19.3
8&- -101 208{ 1035 13.71 .517 -""70 28.1‘" 3-15 -0035ll- 22-0 22-“'
8b .101|2.91 | 1.34 | 13.70 | .51k A4160|28.8] 3.22 .00351{21.1 | 21L.7
8¢ .101{2.92 | 1.32} 13.71| .508 A51]28.91 3.28 .00356 |21.T | 22.3
9a .loki2.24 | 1.57| 12.83 | .508 .TOL|21.5| 1.68 .00328|21.7 | 22.3
9b .102{2.25 | 1.57 | 12.83 | .502 .698122.0} 1.69 .00316 (19.5 | 21.1
9¢ .102]2.25 | 1.56 | 12.83 | k495 .692|22.0] 1.70 .00317 {20.6 | 21.3
10a .103({2.28 | 1.29 | 11.25 | .4s0 565]|22.1) 2.4 00446 125.3 | 25.6
10b .102(2.29 1 1.29 | 11.2% | .bh5 .562122.4 | 2.43 «00k4ko |2h.9 | 25.1
10c .101L{2.28 | 1.28 | 11.23 | 44O 56122.6 | 2.4 +00u3k |24.8 | 25.5
1la Jdozj2.2h { 1.07| 9.06| .397 A47822.0] 3.08 005TT|25.T | 26.4
11b .101|2.22 | 1.07| 9.06 | .396 A482122.01 3.06 .00572(25.2 |26.2
e .102|2.20 | .08} 9.06 | .397 491]21.6 | 2.98 .00579 [25.3 [ 25.8
128 .102{1.80( 1.21| T.75| .3TT 672|17.61 1.8 .00529 |24.9 | 25.6
12b .102{1.79 | 1.20| T.T% | .376 670[17.5( 1.82 .00539 |25.5 | 26.5
12¢ 202{1.7911.20] T.7%| .37% .670|17.5] 1.82 .00539 [25.1 |26.2

a
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Figure |.— Curved compressive stress—strain specimen.
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Critical load

Load

Distortion

Figure 2.— [llustrative

load-distortion curve.
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Figure 3.- Method of measuring cross -section distortion of a
Z-section column.







NACA TN No. 171k 15

35 ’ ‘

Formed material from
30 I curved comer (o, = 29.8)\ T
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N

Stress, Unformed material
ksi ' from web and
15 / ﬂﬂﬂge (Ucy=26.0)_
10 /
5
W
0 .
0] 002 004 006 008 o(0)

Strain

Figure 4.— Average combressive stress-strain curves for FS-lh
magnesium-alloy sheet (with grain; t=0.102 inch).




16 , ' ' NACA TN No. 171k

5 . | ' |
//”"\\ _ Buckiing of web
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/ \ |
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| Buckling of flange
restrained by web
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I ~
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o 2 4 b 6 8 1.0
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Figure 5.— Values of ky for Z-and channel- section columns
of uniform thickness (from reference 6). '



NACA TN No. -1T71k

30

25

20

Stress,
ksi

15

10

17
Upper limit
o 1/
Lower limit
g
_ /O
g
&
= /5
j O Omax
O O
002 003 004 006 007
Strain

Figure 6.— Correlation of plate compressive test results with com-
pressive stress-strain curves for FS-lh magnesium—alloy formed

Z-sections. (Galculated elastic critical compressive sfrain used
for plate tests)
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Figure 7. —Variation of &, with ¢, for FS-lh magnesium-alloy

formed Z-section columns.
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Figure 8.— Experimental relationship between o, and G, for
.FS-lh - magnesium~alloy formed Z-section columns.
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30

20 . '
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o) 4 8 |.2| 16 20 24 28

A

Figure 9.— Variation of G, With the reciprocal of the area
for FS-lh magnesium—alloy formed Z-sections.
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Area, sqin. 1.039 1.045 o7 1.060
Omax » ksi 29.3 29.2 29.7 289
Ty » K8 14.7 17.6 21.7 23.9

Figure 10.— Comparison of Opgx and Oy for several 24S-T aluminum —alloy

formed Z-sections (from reference 3) of nominally equal thickness and area.
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Figure Il.— Comparison between corners of two Z-sections.
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Figure 12.— Variation of @wmax/VEcy, with 12/A for formed Z-sections of FS-h magnesium
alloy and |7S-T and 24S-T aluminum alloys.
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